Background: Prostate cancer is the 6 th leading cause of cancer death worldwide. Androgen Deprivation Therapy (ADT) in prostate cancer enhances the risk of Rheumatoid Arthritis (RA). Acetylsalicylic Acid (ASA) can be potentially repurposed against prostate cancer and arthritis. However, its efficacy is low and use is associated with nephrotoxicity as well as gastrotoxicity. Curcumin with reported ability to potentiate anti-inflammatory effects and reduce oxidative stress, can be used as a complementary therapy to enhance efficacy of ASA against prostate cancer and arthritis. This can also minimise ASA induced nephrotoxicity and gastrotoxicity. Aim and Objectives: To evaluate the ability of curcumin to enhance efficacy of ASA against prostate cancer, arthritis while minimising its adverse effects. Methods: In-vitro anticancer activity was assessed in DU-145 (Androgen-independent) and LNCaP (Androgen-dependent) cells. Effect against arthritis was evaluated in complete Freund's adjuvant (CFA) induced arthritis model in rats. Biochemical factors, radiology and histopathology were examined. Protection against kidney dysfunction and ulceration was determined. Results: Curcumin on
INTRODUCTION
Drug repurposing is an important alternative to new drug discovery for developing new therapeutic strategies. 1 Optimization of pharmacokinetic or pharmacodynamic through use of complementary drugs/herbs is an interesting option to maximize the therapeutic benefits. 2 ASA has successfully been repurposed against different conditions including inflammation and cardiovascular disorder. It has also been shown to be effective against many form of cancer in-vitro. [3] [4] [5] While its ability to inhibit cyclooxygenase (COX) explains most of its therapeutic benefits, its COX-independent anticancer effects are primarily mediated by inhibition of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB). 6 Considering its low potency (IC 50 ≥ 50 μM) against NF-kB, Since suppression of androgen hormones leads to RA, patients undergoing ADT are prone to the risk of arthritis. 13 ASA with its anti-inflammatory and anticancer potential can be expected to show effects against prostate cancer and arthritis. However, the in-vitro effects against prostate cancer have not been very promising. This is because at relatively higher doses (2-5 mM) only 10-40% reduction in cell viability has been demonstrated. [14] [15] [16] Further, the human dose of ASA is reported to be relatively high against inflammation (1 gm/day) and arthritis (3.6 gm/day). 17, 18 At these doses, ASA is associated with gastrotoxicity, hepatotoxicity and nephrotoxicity. Thus it is necessary to adopt alternative startegy to enhance the efficacy of ASA against prostate cancer and arthritis. Earlier, curcumin has been shown to inhibit prostate cancer and reduce arthritis. 19, 20 It has also been shown to reduce gastrotoxicity and hepatotoxicity. 21, 22 The additive anti-inflammatory effects of curcumin with ASA were recently shown by us. 22 Considering these, curcumin can be expected to complement the efficacy of ASA against prostate cancer and arthritis. It may also protect against ASA induced gastrotoxicity and nephrotoxicity owing to its ability to reduce oxidative stress. With the above consideration, this study was undertaken to assess the complementary benefits of ASA+Cur. The effect against prostate cancer was studied in ADT dependent and ADT independent prostate cancer in-vitro models. Efficacy was also studied against arthritis. Effects on kidney function, cytokine level and gastric mucosa were studied to justify their potential therapeutic application. This aims to demonstrate the complementary benefits of curcumin when co-administered with ASA and may encourage the repositioning of ASA against prostate cancer and arthritis.
MATERIALS AND METHODS

Drugs and chemicals
ASA and curcumin (≥ 90% purity) were procured from Hi-media laboratories (Nasik, India). The CFA was supplied by Sigma Chemicals Company, St. Louis, USA. Pure diclofenac and ranitidine were gifted by Odisha Drugs and Chemical Ltd, Bhubaneswar, India. For the experimental study all reagents and chemicals were of analytical grade obtained from local firms (India).
Cancer cell lines
The experiments were performed using the DU-145 (ADT-independent) and LNCaP (ADT-dependent) human prostate cancer cell line obtained from American Type Culture Collection (ATCC, Rockville, MD). Both cells were cultured in Dulbecco's Modified Eagle Media (DMEM Invitrogen, Carlsbad, CA) added to heat-inactivated fetal bovine serum (7%), glutamine (2 mmol/L), non-essential amino acids (0.1 mmol/L), HEPES buffer (10 mmol/L) and streptomycin (100 U/mL). The cultures were incubated at 37°C in 5% CO 2 incubator.
Animal used
Wistar rats (180-200 g) are used in the present studies were procured from animal house facility School of pharmaceutical sciences (SPS), Siksha 'O' Anusandhan (Deemed to be university), India, bearing Reg. no. 1171/PO/Re/S/08/ CPCSEA. Animals were housed in polypropylene cages. The animals were acclimatized to the laboratory condition for 1 week before starting the experiment. The animals were fasted for at least 12 h before the onset of each activity. The animals received the drug treatments by oral gavage tube. All experiments were performed with due approval of Institutional animal ethics committee (IAEC), as per approval no. (IAEC/SPS/SOA/13/2019). The albino rats were maintained under standard environmental conditions (60 ± 5% relative humidity, 25 ± 2°C temperature and 12 h light/dark cycle). The animals were feed with standard laboratory pellet diet and water ad-libitum. Both gender of rats were used for the study. 
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CV (%) = {(Ac -At)/Ac} 100 Where, Ac and At are the absorbance of control and treated cells, respectively. From, percentage of CV, growth inhibition was calculated; where vehicle treated cells were considered as 100% viable. Further, it was confirmed by crystal violet assay and analysed using light microscopy (Microscope-Magnus, New Delhi, India, Photographic camera-Olympus Imaging Corporation, New Delhi, India).
Morphological observation
Morphological changes in DU-145 and LNCaP cells were observed after (72 h) treatment using light microscopy (Bright field image).
Colony formation assay
Colony formation assay tests each cell for its ability to undergo unlimited division in the population. However, cell reproductive death determined by clonogenic assay. Both prostate cancer cells (DU-145 and LNCaP) were seeded in culture plates (500 cells per well), incubated for 24 h at 37°C with 5% CO 2 and treated with cisplatin, ASA, curcumin and ASA+Cur. DMSO was added to both the cells media and incubated at 37°C in 5% CO 2 . After 7 days, colonies were washed in phosphate buffer saline (PBS) and stained with crystal violet (0.5% w/v). Further, colonies were washed, dried in air and evaluated using light microscopy. 24 Colony count was quantified by image J software and survival fraction (SF) was determined. All experiments were analyzed in triplicate. SF = treatment colony numbers/control colony numbers
In-vivo anti-arthritic activity
Induction of Arthritis
CFA was injected (0.1 mL) in the left metatarsal footpad of rat's hind paw to induce arthritis. 25 All drugs were dissolved with 3 mL of 1% carboxy methyl cellulose (CMC) in distill water to prepare a crude suspension and was administered immediately by p.o. (per oral) route. All drugs and treatment was started 30 min before CFA injection (0 day) and continued upto 28 th days. 26 For the evaluation of anti-arthritic activity the Wistar rats divided into six groups (n=6) for 28 days treatment: Group 1: Normal Control-Administered water ad-libitum Group 2: Arthritic control-Treated with CFA (0.1 mL) th day animals were sacrificed by cervical decapitation, fixed hind legs and kidney were removed preserved in formalin (10%) for further study. Blood was drawn by cardiac puncture and kept in both ethylenediaminetetraacetic acid (EDTA) as well as plain tubes. Then samples were centrifuged (REMI Cooling centrifuge, C-24BL, Mumbai, India) at 89.44 × g for 10 min and the supernatant (serum) was stored at -80°C (REMI Ultra low freezer, UDF-85, Mumbai, India) for analysis.
AI and Inhibition of paw-thickness
From paw thickness value AI (%) and inhibition of paw thickness (%) was calculated. 26, 27 The formula is as follows: AI (%) = (Hind paw thickness on day x -Hind paw thickness on day 0)× 100 / Hind paw thickness on day 0 Inhibition of paw-thickness (%) = (Mc-Mt) × 100/ Mc Where, Mc is the measure of rat paw edema in the CFA treated animal group and Mt is the measure of rat paw edema of the drug treated animal group.
Assessment of arthritis through histological and radiological analysis of hind paw
The fixed hind legs joints were excised, removed, cleaned in saline and preserved in formalin (10%). For decalcification the proximal ankle joint was subjected 5% nitric acids for 7 days. Following paraffin embedding, these are stained with Hematoxylin-eosin (H and E) and studied using light microscopy. Inflammation degree was assessed as per standard method. 28 For radiological analysis (Dental X-ray, Mediray Healthcare Pvt. Ltd. New Delhi, India) the arthritis induced hind legs of rats were taken and analyzed for narrowing of the joints space, bony erosions and soft tissue swelling.
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Assessment of haematological and biochemical parameter
Haematological and biochemical examination of blood and serum samples were done by employing standard procedures and tests. 30, 31 For assessment of hematological UI and PI UI = Area of ulcers x 100/Total stomach area
Assessment of stomach through histological analysis
Tissue section of stomach were dehydrated, embedded in paraffin, stained with H&E and examined with the help of light microscopy.
34
Statistical analysis
All the data were represented as mean ± Standard Deviation (SD). For statistical analysis One-way analysis of variance (ANOVA) followed by Bonferroni multiple comparison test was applied using XLSTAT software student's version. (p<0.001) considered as statistically significant. All treatment groups were compared with disease control group (Cancer associated control, Arthritic control/only CFA treated group and ulcerated control).
RESULTS
In-vitro Anti-cancer activity
MTT assay result showed that ASA+Cur exhibited a very strong anticancer effect compared to ASA and curcumin individually. It approximately killed 66% cells of DU-145 and 58% cells of LNCaP. Whereas, cisplatin approximately killed 55% cells of DU-145 and LNCaP ( Figure 1A and B). As shown in ( Figure S1 ) crystal violet assay also showed the same. The morphology of DU-145 and LNCaP cells are star-shaped (typical morphology of DU-145 and LNCaP cells). The light microscopy revealed that on treatment both cells are shrunk, spacing between cells and deposition of particle of cytoplasm were observed in cisplatin and ASA treated groups but these feature were found less in curcumin treated groups. In ASA+Cur treated groups, this effect was stronger than individual treated group where larger spacing between cells, more deposition of particle of cytoplasm and alteration of cellular structure were seen which indicate early apoptosis ( Figure 1C ). Overall, after treatment cell lost their typical morphology. Reductions in colony formation are visible following treatment with ASA and curcumin. This was more pronounced following treatment with ASA+Cur ( Figure 1D ). Quantitatively, in respect to cisplatin SF (0.7%), ASA+Cur showed less SF (approximately 0.5%) in DU-145and LNCaP cells ( Figure 1E and F).
and biochemical study, parameters including ESR, RF, urea and creatinine were evaluated.
Assessment of Kidney through histological analysis
Tissue sections of kidney were dehydrated, embedded in paraffin, stained with H&E and examined with the help of light microscopy.
Assessment of Cytokines production
The levels of serum cytokines were determined by ELISA (Assay kits-Sigma Chemicals Company, USA), employing standard procedures. Serum samples (100 µL) of the respective groups were added to each well and incubated for 2.5 h followed by prepared biotin antibodies (TNF-α, IL-1β and IL-6) (100 µL) was added to each well and incubated for 1 h. Further, prepared Streptavidin solution (100 µL) was added and incubated for 45 min at room temperature. Then, to each well tetramethylbenzidine (TMB) (100 µL) was added and blue colour was developed in respect to the amount of antibody bound which was further incubated for 30 min. Lastly, to each well stock solution (50 µL) was added, the colour changed from blue to yellow and reading was noted at 450 nm. After each step washed with buffer solution for four times. The TNF-α, IL-1β and IL-6 protein were quantified by comparing the sample to the standard curve generated. The results were expressed as pg/ mL protein.
32
Assessment of gastro-protective activity
Induction of Ulcer
For assessment of gastro-protective activity ASA induced gastric ulceration model was employed in rats. A similar trend in drugs preparation was maintained as mentioned above. All drugs and treatment was given for 28 days. For gastroprotective activity, the animals were divided into four groups (n=6). On the 29 th day animals were sacrificed by cervical decapitation, stomach were removed, opened along the greater curvature and rinsed with 5.0 mL of 0.9% NaCl to remove gastric content and blood clots and then ulcer were quantified using light microscopy. Ulcerated tissue was stored in 10% formalin for further analysis. The Ulcer index (UI) and Protective index (PI) was evaluated.
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In-vivo anti-arthritic activity
AI and Inhibition of paw edema
Following administration of CFA in hind paw, the paw thickness increased upto 7 days which indicated induction of arthritic conditions in rats. Animals treated with ASA+Cur showed a significant (p<0.001) decrease in the severity of arthritis as shown by the reduction of AI throughout the experiment (Figure 2 ). The percentage of decrease in paw thickness of rats treated with ASA, curcumin and ASA+Cur in comparison to CFA-treated arthritic rats were 58.31%, 50.41% and 71.91% respectively ( Figure S2 ). Diclofenac treatment produced high reduction in paw thickness as compared to arthritic control ( Figure S2 ).
Histological and radiographic analysis of hind paw
Transverse section of hind legs of control rats showed normal bony architecture ( Figure 3A) . Following administration of CFA in the hind paw of animals, induction of arthritis was evident from prominent abnormalities. The synovial hyperplasia, huge infiltration of inflammatory exudates with bone and cartilage erosion were observed ( Figure 3D ). However, animals treated with diclofenac showed normal bone marrow, and F). Treatment with the diclofenac prevented the bone destruction and swelling of the joint ( Figure 3H and I). Unlike this, ASA treatment failed to prevent swelling of soft tissue and joint space narrowing signifying the existence of arthritic condition ( Figure 3K and L). Similar observation was also made for curcumin treated groups ( Figure 3N and O) . Nonetheless, treatment with ASA+Cur reduced soft tissue swelling, bone destruction and joint space narrowing ( Figure 3Q and R).
Haematological and biochemical parameter
The comparison of the alteration in haematological and biochemical parameters in CFA induced arthritic rats to normal rats are shown in Table 1 . The challenge with CFA showed significant (p <0.001) elevation in ESR count and RF. Individual treatment with ASA and curcumin significantly lowered both ESR count and RF. Treatment with the ASA+Cur further lowered these parameters. The effects on the reduction of ESR count and RF were comparable to that of the diclofenac (Table 1) .
Serum urea and creatinine
The levels of urea and creatinine were found to be higher in CFA induced arthritic rats compared to control animals ( Table 2) . Treatment with curcumin alone or ASA+Cur significantly (p<0.001) reduced urea and creatinine level. Whereas, diclofenac and ASA treatment failed to prevent these alterations.
Histological analysis of kidney
Transverse section of kidney of control group animals did not reveal any appreciable histopathological alterations ( Figure 4A ). CFA treated animals showed loss of renal tubular structure where the renal tubules showed cellular swelling and protein casts accumulation in the tubular lumen. Also focal areas of necrosis were present ( Figure 4B ). Diclofenac treated rats showed congestion, vacuolation of cell lining and glomerular contraction ( Figure 4C ). ASA treated rat showed damage lumen cells and marked tubular atrophy with interstitial fibrosis ( Figure 4D ). Unlike the above, rats treated with curcumin did not reveal any appreciable histopathological alterations ( Figure 4E ). ASA+Cur treated rats showed normal interstitial connective tissue and prominent spherical nuclei ( Figure 4F ).
Serum cytokine production
In this study the serum TNF-α level of normal control group was found to be up regulated in serum of CFA induced arthritic rats and found to be 1.66 ± 0.015 pg/ mL. Treatment with diclofenac, ASA and ASA+Cur less cellular infiltrates but not able to maintain synovial hyperplasia ( Figure 3G ). The animals treated with ASA and curcumin alone were also able to reduce synovial hyperplasia. However, inflammatory signs and bony erosion was observed in the joints ( Figure 3J and M). Whereas, ASA+Cur treatment showed powerful reduction of synovial hyperplasia. The inflammatory exudates and bone erosion were also found to be reduced similar to diclofenac ( Figure 3P ). Radiology of hind leg of control rats showed absence of soft tissue swelling and bony destruction (Figure 3B and C) . CFA injected animals developed joint space narrowing of the inter-tersal joints. The soft tissue swelling and extensive erosion suggests significant bone destruction and arthritic condition ( Figure 3E continual days produced ulceration in the stomach of control rats ( Figure 5B and D) . The UI was calculated based on ulcer score (Table 4) . While ranitidine (25 mg/kg) treatment for 28 continual days provided 81.32% protection against ulceration, curcumin exhibited 40.78% gastro protection. Morphological and histological examination of stomach of control group showed no injury ( Figure 5A and E). Further, ASA treated group showed severe disruption to the surface epithelium of mucosa and deep erosion leading to ulceration ( Figure 5B ). Its histology also showed leucocyte infiltration ( Figure 5F ). The gastric mucosal protection was evi- 40 .78 a = Significant difference (p < 0.001) with respect to ASA treated group for 28 days caused significantly (p<0.001) less production of serum TNF-α in animals ( Table 3 ). The serum IL-1β level of the CFA treated group (4.16 ± 0.011 pg/ mL) was also found to be significantly (p<0.001) higher than that of the normal control group. Following 28 days of treatment with diclofenac, ASA, curcumin and ASA+Cur the serum IL-1β level of animals were observed to be significantly (p<0.001) lower than the toxic control (CFA treated groups). The inhibition was more pronounced in animals treated with diclofenac ( Table 3 ). The serum IL-6 level of the control group was also significantly (p<0.001) up regulated (2.23 ± 0.011 pg/mL) in the serum of CFA treated animals. Administration of diclofenac, ASA, curcumin and ASA+Cur for 28 days seems to significantly lower the serum level of IL-6 (Table 3) .
Gastroprotective effect
The effect ASA+Cur was evaluated using ASA induced gastric ulcer model validated by us. The result revealed that oral administration of 100 mg/kg ASA for 28 dent in groups treated with ranitidine ( Figure 5C and G). Animals treated with curcumin showed few swelling marks ( Figure 5D ). Although haemorrhage was not clearly evident, the histology showed congestion with superficial erosion ( Figure 5H ).
DISCUSSION
Androgen deprivation, a treatment approach for androgen dependent prostate cancer predisposes the patients to arthritis. 13 Use of non-steroidal anti-inflammatory drugs (NSAIDs) in long-term complicates the conditions owing to their adverse effects on stomach, liver and kidney. Further, in late stages when the prostate cancer becomes ADT-independent, the existing therapies are not able to manage the conditions effectively. 12 ASA with potential against cancer and arthritis can be repurposed as a suitable agent, provided issues regarding its efficacy and toxicity are adequately addressed. Curcumin with strong antioxidant potential, protective ability and capacity to inhibit cancer growth can be optimised as a complementary therapy to improve efficacy and reduce toxicity against these conditions. ASA and curcumin alone showed relatively low capability to reduce viability of prostate cancer cells (Figure 1 and S1). While ASA reduced viability of DU-145 cells by 40%, the cells of LNCaP were reduced by 30% ( Figure 1A and B) . These findings are in agreement with previous reports where ASA was shown to inhibit both cells by 10-40%. [14] [15] [16] Although, curcumin at higher concentration (50 µM) has earlier been shown to reduce viability of these cells by 40 -50%, at the tested concentration (25 µM), it failed to significantly inhibit the viability (<10%) of these prostate cancer cells ( Figure 1A and B) . 35, 36 Interestingly, when co-administered with ASA, the anticancer effects were found to better as evident from the >60% decrease in cancer cell viability ( Figure 1A and B). This is also supported by the cell shrinkage and alteration of shape which is typical features of cells going through apoptosis ( Figure 1C ) and inhibition of colony formation ( Figure 1D ). These effects were found to be better than that of the standard anticancer drug (Cisplatin) used in the study (Figure 1) . The powerful anti-proliferative effect of ASA+Cur on both androgen dependent and androgen independent prostate cancer cells can be considered beneficial in the treatment of prostate cancer. This is in agreement with earlier studies where curcumin has been shown to potentiate 5-fluorouracil and doxorubicin against gastric and hepatic cancer respectively in-vitro. 37, 38 However, further validation in preclinical model and elucidation of the mode of this positive interaction need to be studied to establish these applications. Arthritis induced by CFA is a chronic model in which the pathological and clinical changes resemble to human RA. 26 While there are many indicators of RA, the overall effect can be quantitatively expressed as AI based on the chronic swelling induced by CFA. 27 Chronic inflammation in the synovial membrane is the pathological basis of RA. 39 The relative bone destruction and reduction of joint space can also be used to suggest the progress of RA. 40 Based on these observations, the present study illustrates CFA induced arthritis in animals. The chronic arthritic effects are suggested by very little reduction in AI of animals treated only with CFA ( Figure 2 ). Animals subjected to treatment with ASA, curcumin and ASA+Cur showed significantly low AI (Figure 2 ). Higher reduction in AI and inhibition of paw thickness by ASA+cur suggests the potentiating effects of curcumin (Figure 2 and S2 ). These observations are well supported by both histological and radiographic data. Prominent abnormal observations in the joints of CFA treated animals ( Figure 3D ) in comparison to the normal animals ( Figure 3A) are supportive of this. While both ASA and curcumin reduced synovial hyperplasia, they failed ( Figure 3J and M) to achieve effective protection against arthritis in comparison to the diclofenac. However, when animals were treated with ASA+Cur, the overall protection against arthritis was found to be effective ( Figure 3P ) as comparable to that of the diclofenac ( Figure 3G ). In support of the above findings radiological examinations revealed soft tissue swelling and bony destruction in arthritic rats ( Figure 3E and F). While administration of diclofenac minimised the bone destruction and swelling of the joint ( Figure 3H and I), treatment with ASA ( Figure 3K and L) and curcumin ( Figure 3N and O) could not effectively manage these conditions. The effects of ASA+Cur was similar to those observed with standard group, as evident from reduced soft tissue swelling, bone destruction as well as joint space narrowing ( Figure 3Q and R) . Elevated level of ESR is a sign of inflammation in the body related to higher concentration of plasma proteins, especially globulins (α and β globulins). 41, 42 Furthermore, higher expression of RF is a strong indicator of RA. 43, 44 Accordingly, rats treated only with CFA showed highest level of ESR and RF. As expected these parameters were found to be minimum in animals treated with diclofenac. Although curcumin and ASA significantly (p<0.001) lowered ESR and RF in animals, the effects were more pronounced in animals treated with ASA+Cur (Table 1 ). Enhanced ESR and RF level are usually associated with higher level of cytokines including TNF-α, IL-1β and IL-6. Higher levels of these factors facilitate auto-immune conditions leading to destruction of cartilage and bone. [45] [46] [47] Accordingly the levels of these factors (Table 3 ) are in agreement with the higher level of ESR and RF observed in arthritis induced rats. Further, decrease in the level of ESR and RF also correlates well with the decrease in these cytokines in animals treated with diclofenac. The relatively higher reduction of these factors in animals receiving ASA+Cur also supports our earlier findings where the efficacy was higher compared to either curcumin or ASA. Earlier curcumin has been shown to significantly improve anti-arthritic effects of methotrexate. 48 Thus these findings suggest complementary benefits of curcumin against arthritis. While RA is a prominent risk factor for kidney dysfunction, use of NSAIDs to manage RA often pre-dispose to this. 49 Accordingly, the suitability of medicinal agents can also be justified by estimating their capacity to protect the kidney function. Urea and creatinine are routinely excreted by kidney. Thus the functional ability of kidney is adjudged by the level of these waste products in serum. The higher level of the urea and creatinine in serum of CFA treated rats corroborates the nephrotoxicity effects either directly by CFA or by other induced inflammatory parameters. The failure of diclofenac and ASA to prevent these conditions can be justified by the fact that majority of NSAIDs are themselves known to be nephrotoxic on chronic use. 50 However, serum urea and creatinine level was significantly (p<0.001) lowered by curcumin following administration for 28 days. Interestingly, it was also able to lower the kidney dysfunction when co-used with ASA (ASA+Cur) during these periods (Table 2 and Figure 4) .
Gastrotoxicity delimits the application of ASA. Curcumin showed the ability to reduce ASA-induced damage to mucosa ( Figure 4D and H) . Although the effects were relatively less compared to ranitidine (Table 4) , it suggest about the benefits of its complementary use with ASA. The positive interaction potential of curcumin against prostate cancer, arthritis and ability to prevent nephrotoxicity as well as gastrotoxicity suggest its suitability for complementary use along with ASA against prostate cancer. However, further in-vivo validation against prostate cancer is required to justify their application.
CONCLUSION
From the above studies, it can be concluded that optimisation of existing drugs and repositioning them against new indications is an interesting approach to address therapeutic challenges. The multifunctional curcumin is ideal option to enhance the scope of application of ASA. The inherent anticancer effect of ASA was found to be enhanced by co-used with curcumin against prostate cancer cell lines. Positive interaction was also observed against CFA induced arthritis. Further, curcumin protected against kidney dysfunction associated with arthritis and use of NSAIDs. Besides, the moderate gastro-protection observed with curcumin demonstrates its ability to lower the gastric damage caused by ASA. These findings might encourage repositioning of ASA against prostate cancer by using curcumin as a complementary therapy. Further studies in higher animals and different strengths may be necessary to optimise the combination and maximise the therapeutic benefits which in turn pave the way for the product development and commercialisation there by provide benefit to the society.
SUMMARY
The present study emphasizes co-administration of curcumin with ASA enhance the efficacy of ASA against both androgen dependent and nondependent prostate cancer and associated arthritis. Though arthritis is not curable, the co-used not only reduce arthritis related severe complications and discomfort but also proved to produce moderate gastro-protection which is a serious challenge of ASA administration at anticancer dose. Further co-administration also reduced TNF-α, IL-1β and IL-6 at the molecular level quantitatively proved its anti-inflammatory action thus decreasing the risk of nephrotoxicity.
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